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@ Extnsder screw. 


(g) An extruder screws has a root (18), a helical primary flight 
<20) on the root and a hefical barrier flight {26} on the root 
and forming wtth^e primary flight a solids channel {28) and 
a meit channel (30). The width of the solids channel (28) 
gradually decreases and the width of the melt channel @D) 
gradually increases along an upstream zone {40} of a melting 
section il4)« The Mndth of the dianneis (28»30) gradually 
changes in a downstream ^ne (42) of the melting section 
(14) but sobstantidiiy less than in the upstream zone (40). 
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The present invention celatea to ^ Bcrew for a 

I 

: thersioplastic extruder » 

1 In the tnanuiacture of thezn^oplastio Mteriais^ the 

I extruder receives the thermoplaatic Ktaterial in the form of 
pellets or chips in its hopper and delivers such laaterial 
to the scretr for processing* The screw has a feed 8ecti€>n 
; for advancing the solid or unmelted material at a predetexnined 
• rate, a melting section for plastiei^&ing or working the 
[ naterial to tnm it from a solid to a melted state^ and a 

I metering section for advancing the melted material to the 

i 

discharge end of the cactrvder. 
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VhB conventional screw comprises a root and a single 
flight; helically extending about: the root* The flight forxss 
with the interior cylindrical surface of the extruder 
barrel r a helical channel along which the thermoplastic 
L material la conveyed • As the solid theriDoplastic material 

: 

{• enters the melting section from the feed section ^ the material 
I begins to melt due to the heat created by friction within 
the thermoplastic material and heat from an external source 


|| conducted through the barrel itself. The melting rate 

10 , depends a great deal upon the amount of contact between the 

; barrel and the thermoplastic material in the solid state* 

The material in contact with the. barrel begins to melt and 

< form a melt film i&ich adheres to the inner surface of the 

. barrel* When the thickness of the melt film exceeds the 

15 clearance between the barrel and flighty the leading edge of 

j* the flight scrapes the melt filja off the inner surface of the 

• barrel and collects at the forward or leading edge of 

; the flighty forming a melt pool* As the material continues to 
« 

melt# the solid mass, normally referred to as the solids bed, 
20 eventually breaks up into clusters of floating solids in a 

^ stream of molten material. When this happens , only a small 

I 

j portion or none of the solid material is exposed to the barrel 
!. and heat must travel from the barrel through the molten material 
|: to the solid material* Since the thermal conductivity of 
25 . thermoplastic is very low, this is a very inefficient heat 
transfer condition* As a result r the melting efficiency is 
greatly diminished once the solids bed has broken up* 
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I 

I There have been many atte&pta to aolve this problem 

I by designing screva so that the capacity of the channel 

' decreases toward the outlet end in an attempt to Xeep the 

I solids bed intact as long as possible, Bovever# s^st screw 

S ; designs were unsuccessful in this attempt until the develop*^ 

{' mant of a screw having a primary flight and a barrier flight 

1 that defines a solids channel extending between the trailing 

! edge of the primary flight and barrier flight, axkd a melt 

channel extending between the leading edge of the primary flight 

10 ' and the barrier flight, %e barrier flight has a mailer 
» 

* outer diameter, ^faan. the primary flight* As the material in 
the solids channel melts, it passes aver the b&xxXei: flight 
and into the melt channel, so that the solids and the melt 

• remains separated as the thermoplastic material la conveyed 
X5 r along the length of the screw. Bowever» since the ratio of 

the soilds-tor-nelt gradually decreases as the material is 
advanced toward the exit end of the extruder^ it is necessary 
to increase the volume of the melt channel while decreasing 
tlie volume of the solids channel. 
20 V.S, patent llo% 3,375,549 to Geyer issued April 2, 

1968 shows a barrier or doubls channeled screw in which 

i 

I the volume of the solids channel is diminished by decreasing 
^ Its width azyd depth and: the volume of ^e melt channel is 
Increased by increasing its width and depth » This provides 
25 maximum exposure of the solids to the barrel at the inlet 

i end of the screw and minimum exposure at the outlet end of 


i 

■ 
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the screw. 7he advantage o£ this screw is that it provides 
|, naximun exposture of the solids when it is most needed, 

i that is* at the beginning of the melting process when there 

I 

|, are aaore solids and the solids are relatively cooler « 

, Bowever, since the width of the solids channel diminishes to 

i sero toward the outlet end of the screws inelting efficicmcy 

also distinishes. 

U«S. patent No. 3,698^541 to Barr issued 

10 October 17^ 1972 represents an attezspt to overcome the problem 

I of diminishing melting efficiency in a "barrier" or double 

^ channeled screw. As dlscloced in this patent, the width of 
t 

! the solids channel is initially greater than the width of 

! 

I the melt channel and the width is Jcept constant along the 
15 mtire melting section by maintaining the pitch of the primary 
! flight and barrier flight constanlr» Barr accommodates the 
' changing solids«-to-melt ratio by gradually decreasing the 
depth of the solids channel and increasing the depth of the 
melt channel « This relationship provides a constant area 
20 of contact between the solids and the barrel from one 

end of the barrel to the other. The principal disadvantage 
: of screws of the type shown in the Barr patent is that in 
j order to acco mmo date the volume of melt, as the material 
! progresses down the screw, the melt channel has to become 


35 ■ very deep. Since the melt channel is initially narrow, it 
j ai^roaches a sqtzare cross-<«ection towards the end of the 
melting section* This creates a condition of poor circulation 
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of the ift It vtthln the melt chafinel, xesuXting in possible 
degradation of ^ and theraially unstable, material. These 
and otlier difficulties experienced with the prior art 
screws have been obviated by the present invention. 

Zt iS/ therefore, a principal object of the present 
invention to provide a screw of the barrier type that has 
iBaximum nelting efficiency along the entire melting section 
of the screw. 

Another object of the invention is the provision 
of a screw in which there is nayiiumn solids-'to-*barrel contact 
along the mtixB length of the nelting section of the screw* 

A further object of the present inven^on is the 
provision of a screw in which the solids channel gradually 
changes in both width and d^th while maintaining ideal width- 
to^c^th ratios and without sacrificing melting efficiency. 

Itt is. another object of the instant invention to 
provide a screw in which the widths of the solids and nelt 
Ohannels gradually change, but at rates that vary in 
accordance with particular melt conditions existing in various 
zones in the meltijig section to maximize the melting 
efficiency of the entire melting section. 
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i; According to the present invention, the screw I0 

i divided Into a feed section , a melting section r and 
- metering section* The screv comprises a root, a helical 
5 . primary flight extendin? about the root and a helical 
{. barrier flight extending about the root in the melting 

* section and forming with the primary flight a solids channel 
and a mel-t channel* IChe width of the solids channel 

I gamdually dlmini^es and the width of the melt channel 
10 gxadnally increases in a downstream direction* The melting 

* section is divided into at least two lengthwise zones, 
• 

j wherein the rate of change in the width of each channel in 
* ; one zone is substantially different than the rate of change 
: in the other zone, ^e rates of change In channel widths 
15 ' are in accordance with melting rate of the thermoplastic 
material in the screw* 

More specifically, the melting section of the 
screw is divided into an upstream zone and a downstream zone* 
Ihe rates at which the solids channel decreases in width 
20 and the melt channel increases in width are substantially 
I greater in the i:^stream sone than in the downstream zone* 
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!Che ^hwacter of the invention^ houever^ nay be 
best understood by reference to one of ita atruetural f oxsna , 
as Ulnatrated by the aceooqpa&ying dravings^ in whichs 

F2)6« 1 is a side elevational view of the 
eactrader screw of the present Ixcventionr 

FIG« 2 is a fragxnentary elevational view on an 
enlarged scale of the melting section of the screw shewn 

r 

in FI6« 1, 

10 I FXO« Z is a longltndizkal^ fragmentary sectional 

I' view of a portion of the scrw extending betMe^ dot and 
' dash lin^ XXX*^III in FIG. 1» 

FIG* 4 is a diagrasnrmtic view showing the width 
Of the solids and i&elt channels plotted, in a single plane^ 
IS FIG, 5 is a fragnentary elevatioaal view of the 

' sieltias^g section of a siodifi^d scrigv, and 

FIG« 6 is a diagramnatlc view siiidlM to F1C» 4 

V 

t for the loodif led screw shown in FIG* 5« 
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I Referring particularly to PX6» 1, the screw of 

; the present invention is generally Indicated by the 

1; reference numeral 10 and is divided into a feed section 12 
f 

5 adjacent the inlet end 13 of the screw, a inetering section- 16 
adjacent the' outlet end 15 amd a melting section 14 extending 
* between the feed and metering sections. 

li Referring to FIOS* 1 and 2, screw 10 comprises a 

H root IS and a primary flight 20 extending helically about 

XO ^ the root* Primary flight 20 has a leading edge 22 and a 

h 

trailing edge 24. A helical barrier flight 26 is also 
^ located on root 18 in the melting section 14 and forms 
I with the primary flight a solids channel 28 and & melt: 
^ channel 30* Solids channel 28 is formed between the barrier 
15 flight and trailing edge 24 and melt channel 30 is formed 
V between the barrier flight and the leading edge 22 of the 
primary flight, As shown in FIG« 3, the outside diameter 
of the barrier flight is less than that of the primary 
flight* AlsOf tlie prifiiary flight may be substantially 

i 

20 J thicker than the barrier flight* The primary flight is 

; dimensioned so that when the screw is placed in the extrud r 

. barrel f indicated at 32, there is sufficient clearance 
» 

ji between the inner sturface 34 of the extruder barrel and the 
g outer periphery of the primary flight to enable the screw to 


I 
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rotate within the barr&l without interference, trhis 
clearance is indicated by the referenee nimeral 3£. Bowever^ 
fti^e the diamter of the barrier flight is leee# a gap 38 
that iff larger than clearance 36 is fczm^ between the 
surface 34 0f the barreX and the enter periphery of 
the barrier flighi^« Gap 3d allowe molten thermoplastic 
material to pass from the eolida channel 2E into melt 
cOiannel 30 in a manner to be deecribed hereii^low* 

The melting section 14 is divided into two zones « 
an upstream zone 40 and a downstream zone 42. The pitch of 
the primary flight 20 remains the same throughout the nelting 
fiection, 'Zho pitch of the barrier flight in the upstream 
zone is greater tlian tlie pitch of the primary flighty so that 
the widtli of the solids channel becomes progressively narrower 
and the width of the melt channel becomes progressively wider 
in a downstream direction. The change in width of the solids 
<diannel 28 and melt channel 30 is shovm graphically in FIG. 4, 
wherein the widtha of the channels are greatly exaggerated 
with respect to their lengths to accmtnate tile changes in 
width* ltowewr» the pit<^ of the barrier flight in the 
doii^istrew zone is aubstantially lesa than in the upstream zone* 
This means that the rate at which the width of the solids 
Channel decreases and the rate at which the %d.dth of the zvelt 
channel increases is substantially greater in the npstream 
zone 40 than in the downstream zone 42« 
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Ab shown In FIGS. I«*3, the depth f the solids 
channel 28 gradually diminishes and the depth of the melt 
channel 30 gradually increases in a downstream direction 
throughout the melting section* This change can be seen 

5 . wat9 clearly in FIG, 3 vhich shoirs a small portion of the 

i 

j melting section on an enlarged scale* Although the specific 

I dimensions of the various clients comprising the screv 
■ 

1 of the present invention vary in accordance with the specific 
1 extruder applications # the following is an example of a screw 
10 for a 2*5 inch extruder made in accordance with the 

: present invention* The screi? has a melting section of 40 
I inches* %e lead of the primary flight is 2*5 inches for 
• the entire melting section. The lead of the barrier flight 
' is 2*589 inches In the upstream zone which comprises five 
15 complete revolutions of the primary flight* The lead of the 

barrier fliaht is 2,534 inches in the downstream zone 42 which 
comprises tcsn and oni^-half revolutions of the primary flight* 
l!he melt channel is 2*5 Inches in width at its beginning* 
The solids channel decreases in dc^th from *450 inches to 
20 «022 inches in the nelting section. The melt channel increases 
in depth from *100 inches to .400 inches, "^iie barrier 
' flight is undercut ,022 inches below the height of the primary 
! flight to provide gap 38. 
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Sve operation and advantages of the present 
invention will now bo readily underatood in viev of the 

1 

' above description* Hhen the extruder acrev 10 of the 

! pceaent invmtion ia installed aa |>art pf a themoplaatio 

II 

5 i! extrude » it is mounted for rotation within an ^truder 

|i 

, barrel auch as 32 ahoim in FIG. 3^ Solid thenaoplastic 

I 

j mate r ial in the form of pellets or chips and referred to 
I 

I as solids are introduced into the barrel 32 from a suitable 

i| hopper. 'ShB solids are conveyed along the solids channel 28 by 

H 

10 flight 20 in the feed section 12 where they arc heated to a 
)) 

tc^nperature which is sufficient to begin the Jnelting process 
jttst bef ore they enter the melting section* 

As the solids enter the fselting section from 
t. the feed section they continue to be heated and melting 

15 > continues to occur along tte sxsrface 34 of the barrel • As 

f 

V melting increases, tlie melt passes through gaps 38 from the 

I 

solids channel 28l to the melt channel 30. The volume of the 

j solids channel gradually decreases and Uie volume, of the 

*. next channel gradually increases in a domstream direc&ion 

20 of the melting section to accossnodate the decrease in solids 
'i 

j! mass and the increase in melt mass. This volume change can 
li be seen more clearly in FIG$. 3 and '4* The change in volume 
is accon^lished by increasing the width and depth of the 
aielt jchannel while decreasing the width and depth of the * 
25 ; solids channel. The change in volume of the channels is 


i 
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sufficient to accommodate the conversion of the thermoplastic 
' Slater ial fron the solid to the xaolten state « Bowever^ the 

rate at which the width of the solids channel and melt 
j; channel changes varies, as shown graphically in FIG* 4« In 
5 ^ the upstream zone 40 # the rate of width change is relatively 
j largo compared to the downstream zone 42 since there is 


j a greater rai:e of melting of thermoplastic material in j 
this area than in the downstream zone due to the area of 

ti i 

|. contact betvreen the solids and the barrel afforded by the 

t. 

10 ^ wide solids channel. j 
I. 

'* It can be seen, therefore, that the screw of the ; 

l^esent invention {provides optimuin contact betwe^ the solids 
j and barrel throughout the melting section by varying the rate 

i' of change in tiie width of the solids and melt channels in ^ 

f 

15 . accordance with the melting rate of thexroplastic material 
! in the screw, ^e melting rate is a factor of the thermo- 
> dynititDics of the extruder and the type of thermoplastic material 
• being extruded. The change in volume of each of tne channels 
! nearly matches the actual conversion of the thermoplastic 
20 material from the solid state to the molten state* This 

enables the solids channel to r^ain relatively wide through- 
out the melting section and maintain a high melting efficiency 
right up to the end of the melting section while also avoiding 
I the condition of having an objectionably deep melt channel 
25 at the end of the melting section. The width'^to^depth ratio 
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of the melt channel at the end of the melting section is 
within an acceptable range that insxire^ adequate in^channel 

I edbrculation and so prevents the possibility of decomposition 

i wfaea extruding thezmally ^stable materials. 


MODIFICATIOK 


Hef erring particularly to FZOS. 5 and 6, the 
modified screw of the i^esent invention is generally indicated 
' by the reference maneral 10' and is divided into a feed 
{ section 12*, a metering section 16' and a melting section 14* 
10 i extending between the feed and metering sections. Screw 10' 
^ comprises a root 18' and a primary flight 20* extending 
|i helically about the core. Primary flight 20 » has a leading — 
; edge 22* and a trailing edge 24*. A helical barrier 
flight: 2^* is also located aboui; root 18^ in the melting 
IS section 14' and forms with the primairy flight a solids 

channel 28 » and a melt channel 30*. Solids channel 28* is 
formed between the barrier flight and trailing edge 24* and 
melt channel 30* is formed between the barrier flight and 

I; the leading edge 22* of the primary flight. 

ii 

20 ^e melting section 14' is divided into two zones, 

I an npstream zone 40' and a downstream 42*. *Ehe pitch of 

I 

r the pr£mary flight 20' remains the same throughout the melting 

j section. Bowever, the pitch of the barrier flight in the 

I upstream sone is greater than the pitch of l^e primary flight , 


t 
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I 

: «o that the vidtit of the solids channel beeonea prbgessively 
' narrower and the vidth of the melt channel I^ocomea 

progressively wider in a downstreas direction* The pitch 
! of the barrier flight is slightly greater than the pitch of 
S the primary flight in the downstream zone 42', so that there 

is a gradual decrease in the width of the solids channel 

f 

. and a gradual increase in the width of the melt channel in 
the downstream zone* £ov*ever, the pitch of the harrier - 
flight in the downstream zone is substantially less than in 
XO the upstream cone* 

i The upstream zone 40* is divided into an upstream 

- portion 44 and a downstrcsam portion A$. l!he pitch of the 

« 

barrier flight in the upstrcsm portion 44 is greater than 

t 

in the dovnstrcaSi portion AG, However # both arc greater 
IS than the pitclt of the barrier flight in downstream zone 42* • 
This means that the width of the solids Channel decreases 
and the width of the melt channel increases to a substantial 
degree in the upstrcsam portion 44 of the ixrstreair zone 40* 
and to a lesser degree in tkte downstream portion 46 of the 
20 upstream zone 40', as shown in FIG, The decrease in the 
width of the solics channel and the increase in width cf 
the melt cl^nnel in the downstream zone 42' occurs to a lesser 
degree than in the downstream portion 4€« 

As in the preferred embodiment, the depth of the 
35 solids channel 28' gradually diminishes and the depth of the 

melt channel 30' gradually increases in a downstream direction 


BAD ORIGINAL g 


_;5^ 0046631 


\ throughout the neltiiig section* An example of 4 screw for 

j* ft 2.5 inch extruder, nade in acoordanoe vLtit the Ottadification 
is shown in P1GS« 5 and 6 and has the following dimeneione* 
screw has a inciting section of forty inches « The lead 
of the priisary flight is 3#5 inches for the &itire ttelting 
section*. The lead of the barrier flight is 3.735 inches in 

- the upstream- portion 44 which cc^prises three complete 
revolutions of the primary flight. The lead of the barrier 
flight is 3,570 inches in the downstream portion 4C which 
comprises three complete revolutions of the primary flight* 
The lead of the barrier flight is 3,563 inches in the down- 

• strecOA zone 42' which conprises five complete revolutions 
of the primary flight, ^e melt channel is »312 inches in 
width at its beginning in tlie upstream portion, !rhe 
solids channel decreases in depth from .250 inches to ,020 
inches in the. melting section. The melt channel increases 
in depth from ,050 inches to .300 inciies in the melting 
section* 

The modified screw 10* is similar to the preferr d 
screw 10 in that the chamiel widths change at a greater 
rate in the upstream sone than in the downstream sone to 
accommodate the greater amount of melting that occurs in the 
ttpsteean %one« However, tiie upstream zone is divided into 
' two portions having different rates of change in the chaxmel 
widths to accooaiiodate a specific extruder condition in which 
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6 

! the thenn plastic material melts to a greater degree In 
J. the upatreaia portion of tho upatream sone than in the 
j. downstream portlcm» 
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CLAIMS 

I 1^ An extruder screw having an inlets end 

|. and an outlet end comprising t 
I <a) a rootr 

! {b} a helical primary flight esitending about the 

f root having a trailing edge and a leading edge, • 

! eaid flight and said root def ininn a f46ed section 

Y 

at the inlet end of the screwy a metering section 


I 
I. 

f at the outlet end of the screw and a melting 

V - section between the feed section and the metering 

f section, and 

I <c} a helical barrier flight cn the root fonring a 
j. 

solids channel with thfe larailing edge of the priTf»ary 
flight and a melt channel with the leading edge of 
- the primary flight r the width of the solids channel 
gradually dncrcaring and the width of the icelt 
cl^annel gradually incrcacinc in a dovnstream 
direction, saiC melting section being divided into 
at least two Icngthvisc zones, wherein the chancre 
in width of each of said channels is at a first 
rate in one of the zones and a second rate in the 
other of the sones, said rates being in accordance 
j 'with the vielting characteristics of the thexnopleuRtic 

; ' material in the screw. 

L 
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I 

1 2« An extruder screw as aet forth in Claim 1, 

I vberein one of said zones is a downstream sone and the 
i other zone is an upstream sone, the rate of change in 
j, the widths of said ^lannels being substantially less in 
hthe downstream zone than in the upstream zone* 

f 

r . . 

i* 3» An extruder screw as recited in Claisr 2, 

I- 

I %9herein said upstream zone is divided into an upstream 

{ portion and a dcvnstrcair. portion, the rate c£ chzinge 

; in the width of each of said channels being substantially 

I greater in said upstrcair portion than in said doioistrcam 

I portion. 
I* 

!; 

4, An fxtmifter screw as set forth in any pzeoeding r^ia- fp ^ 
wherein the pitch of the primary flight is constant 
. and the pitch of the barrier flight is varied* 


5. extruder screw as set &>rtii in any p re cedijag claim 
wherein the outer diameter of the i^rirary flight is 
greater than the outer diasaetcr of the barrier flight. 
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* 6. An extruder screw as set JBorth in any "icecediBg ciUiii 

1 
t 

herein the depth of the solids chazmel gradually 
decreases and the depth of the melt channel gradually 

' increases along the melting section in a dovmetream 

' direction. 

I' 

?• An extruder serev as sot forth in Claim 6, 

* vherein the outer diameters of the primary and barrier 
; flights are constant along the melting section and 

vherein the outer diameter of the root in a downstream 
direction, gradually increases along the solids channel 
and gradually decreases along th4 melt channel* 

1 
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